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NPBL adds new dimension to
108 years of biostress research ...................................................... 1

A CHRONICLE OF BIOSTRESS RESEARCH

Biostress research is nothing new for South Dakota Ag Experiment Station scientists. But
ultra-modern labs and a team approach have helped them expand their work in critical areas.
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Biostress research chalks up successes since dedication ...........2
It has only been 3 years since the Northern Plains Biostress Laboratory opened, but many
research projects are already paying dividends.
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Research projects conducted in the NPBL not only benefit the people of South Dakota and
the region but also undergraduate students involved in the research.
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NPBL adds new dimension
to 108 years of biostress research
by Fred A. Cholick

T

his issue of Farm and Home
Research describes a few exam-

ples of what we know only too well in
South Dakota-biostress-and tells
what we at the Agricultural Experiment Station (AES) are doing about
it. Biostress is whatever keeps us or
our crops or our livestock from realizing our fullest potential-or even
knowing what it is.
The Northern Plains Biostress Lab
(NPBL) itself has a relatively short
history, only 3 years, and we celebrate those 3 years in this issue. But
we must put the NPBL, which is after
all, a building, into the context of a
larger framework. In this larger sense,
we have been conducting biostress
research for the 108-year life of the
AES. And we continue to conduct
biostress research in "outdoor labs"
on the farms, in the fields, and in the
feedlots across South Dakota.
That added dimension we acquired
with the NPBL is research at the molecular or cellular level. While the fields
and farms of South Dakota are excellent outdoor labs to investigate stress,
the NPBL provides the environment for
expanding our work in such critical
areas as germplasm alteration, acclimation and winter survival, and disease
damage control at the cellular level.
With the technology available in the
new labs, we also can eliminate years
from the period between discovery of a
problem and its solution or between
producers' need for new resistance in a
crop and the design, increase, and
release of a resistant variety.
The diversity and interrelatedness
of all the biostresses that can attack
us and ours surely show that the best
way to fight back is through teamwork, where every member of the

team contributes
from a different area
of expertise. Numerous teams and partnerships have been
put together over the
years of the AES to
address important
agricultural issues in
South Dakota.
The opening of the
NPBL brought scientists in different specialties together in
one place. It gave
Biostress research is nothing new for the South Dakota
them the opportunity
Agricultural Experiment Station, says AES Director Fred
to collaborate, to
Cholick, but the Northern Plains Biostress Laboratory
share ideas and
allows SDSU scientists to expand their work in critical
insights while they
areas. Teams assembled from a variety of disciplines
shared the latest in
share insights and NPBL resources.
lab equipment. The
NPBL also brought in
team members from
Our partnerships with commodity
outside the scientific community,
organizations in South Dakota probecause the building and the concept
of biostress research that it represented duce superior research when those
had caught the interest of producers
organizations provide funding for
research and communicate their
and consumers across the state. Note
needs and problems-telling us what
the teams and partners in this issueis actually happening out in the fields
and the contributions to research from
producers, students, and consumers.
and the feedlots. In tum, we can
The two longest~lasting partnerships direct our research in.to areas that
really matter.
the AES has shared are with the CoopSuch partnerships are win/win siterative Extension Service and with
undergraduate and graduate programs uations. South Dakota producers
become more efficient and competiat SDSU. As a consequence, our
tive, consum~rs have a safer and
research and recommendations have
more nutritious food supply, and the
helped, either directly or indirectly, all
AES has accomplished its mission.
South Dakotans to improve their lives
and their livelihoods. And our young
Because of teamwork and partnerpeople, working and learning with our ships, the sum total of benefits to
scientists, have received training that
South Dakota from the NPBL and
will carry them far into the new centuenhanced biostress research is greater
ry. Our SDSU students are an integral
than any individual contribution ever
could be. 0
part of our research programs . .

Biostress research chalks up
successes since dedication
by Jerry Leslie

· plex, move closer to
hree years after the Northern
understanding
Plains Biostress Laboratory
opened its .doors, biostress research at through the work of
SDSU is chalking up new advances
David Hurley and
and breakthroughs on many scientific
team.
Stress, through the
fronts.
hormones it induces,
A spot check with researchers on
programs lymphocytes
several high-profile projects found
(immune cells of catnew milestones of success in their
tle) for death, Hurley
march to defeat the environmental
found. A thorough
stressors of livestock, crops, and
humans in the Northern Great Plains.
understanding of the
mechanism of stressExciting things are happening in
induced illness may
many laboratories at SDSU in crop
one day allow shortand livestock production, food safety,
circuiting the process
and animal health-all giving new
somewhere and preinsights into the complex and everchanging mechanisms of life.
vent shipping fever.
• Another Hurley
On food safety:
project: Raw
• A food safety study conducted by colostrum provides
David Henning in the Dairy Science
more immunity to
Department found no E. coli 0157:H7
calves than soured,
in 140 fecal swabs and 126 ground
dried, or frozen
beef samples, all from South Dakota
colostrum, and Hurley
cattle. The sampling assures the
is trying to find out
state's beef industry that the level of
why. When he finds
this organism in South Dakota beef
out why live mother's
Tan spot has become a serious problem for South
cattle is low.
cells in fresh
Dakota wheat growers. A rapid anther culture process
• David Francis, Alan Erickson and
colostrum are more
has enabled SDSU researchers to get new tan spot
members of SDSU's infectious disease
effective than stored
resistant varieties from the lab into test plots in a
research team are studying pathogen- or reconstituted
fraction of the time required for conventional selection.
ic characteristics of E. coli strains most colostrum, he'll be on
frequently associated with contamithe way to a more
nated hamburger, the 0157:H7 E. coli. effective use of
After showing that these organisms
colostrum for healthier
vary one from another in the level of
calves.
their virulence, they are collaborating
and why they thrive in rapidly divid• Chris Chase is studying stresswith other scientists at the World
ing cells like those found in the respiinduced activation of herpes virus,
Health Organization Collaborating
ratory tract.
specifically IBR in cattle, to find out
Center at the University of MissouriChase, John Thomson, and Bill
how long the virus will persist in the
Columbia in developing a test for
immune system. He's found it in lym- Epperson also are working on improvstrain virulence to assist physicians in
phocytes as much as 8 months after
ing the ability to identify carriers of
determining the prognosis of infected
bovine viral diarrhea (BVD) viruses.
the illness, and believes it has a longpatients.
term derogatory effect on the immune The ~'im is to identify carriers and
keep them out of clean herds. They
system.
On cattle health:
• Chase also is probing the infechave a test on line and are looking at
• Stress-related illnesses of cattle,
tion mechanisms of the IBR in cattle,
techniques that will be even better.
as found in the "shipping fer r" com-
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On wheat:
• Tan spot resistant lines of wheat
were developed through a rapid
anther culture process for SDSU's
spring wheat breeding program. This
process takes a plant out of the test
tube and into the field in a fraction of
the time required by conventional
selection. Chen Ho Chen and Rong
Yu provided this germplasm for Jackie Rudd who is screening it in his
spring wheat breeding program.
• Scientists have identified potato
genes that kill aphids. They also have
developed a wheat plant regeneration
system and intend to genetically alter
wheat to make it aphid resistant.
"We have the genes, we can get them
in, and we're now at the point of
making artificial genes and putting
them into plants," said Tom Cheesbrough. This work involves Chen Ho
Chen, Bob Kieckhefer of USDA's
Northern Grain Insect Research Laboratory, and Cheesbrough.
On soybeans:
• New and better procedures were
devised for regeneration of soybean
plants once new genes have been
inserted in cells. The ultimate goalsoybean varieties with prescription oil
content. This is work of Catherine
Carter.
• Progress is being made on construction of a gene for modification of
a soybean plant's oil content. Building this so-called "antisense" gene is
graduate student Buffy Ellsworth.
• Lines of soybeans resistant to
various races of phytophthora root rot
have been identified and are being
screened by Tom Chase for inclusion
in the soybean breeding program of
Roy Scott.
• Chunyang Wang in the Department of Nutrition and Food Science is
collecting new information on the
health benefits of soy foods, such as
prevention of cancer and heart disease. Wang is especially looking at
the soybean varieties grown in South
Dakota and screening them for
isoflavones and other phytochemicals
in disease prevention.
Wang and a co-investigator are
developing new processes for produc-

ing soy protein concentrates with
enhanced anti-cancer and anti-atherosclerosis properties by preserving
isoflavones.
• Plant physiologist Neil Reese is
working to understand the mechanisms that regulate flower abortion
and seed set in soybeans. His intent
is to improve the total production of
seeds per plant by reducing flower
abortion, a response apparently triggered by environmental conditions.
The plant hormone, cytokinin,
when applied by Reese to soybean
plants, has improved seed set and
seed production as much as 12 percent. Reese intends to design genes
for genetic transformation of soybean
plants to reduce flower abortion.

On swine health:
In the animal health area, scientists
continue to make breakthroughs
toward eventual control of PRRS,
Porcine Reproductive and Respiratory
Syndrome once known as Mystery
Swine Disease. After SDSU scientists
led by David Benfield isolated the
virus, private industry went to work
and put vaccines on the market.
Newest developments on PRRS at
SDSU:
• Now, veterinary scientists have
discovered PRRS can be passed on
through boar semen in artificial
insemination. In response, they
developed a new PCR test to detect
the PRRS virus in boar semen. This
allows semen suppliers to screen
boars ahead of time.
• The same scientists have examined swine vaccinated with the new
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modified live virus vaccine to understand risk involved with a live-virus
vaccine.
• Scientists have developed a monoclonal antibody that will enable
them to diagnose and detect all PRRS
strains found around the world.
• Several years ago, David Francis,
along with Alan Erickson and other
members of SDSU's infectious disease
· research teani, identified a protein
inherited by pigs susceptible to bacterial scours. This group now is conducting studies to fully characterize the susceptibility protein and to identify the
genes responsible for its production.
unding, in part or in full for
some of these projects, has
F
come from check-offs of the South
Dakota Soybean Research and Promotion Council, the South Dakota Wheat
Commission, the South Dakota Beef
Industry Council, the South Dakota
Pork Producers Council, the United
Soybean Board, and the National Pork
Producers Council.
Some of the projects involve
multi-state north-central regional
efforts by several universities. Many
involve formula funding of federal
and state dollars. Some are EPSCOR
funded. Among corporate cooperators are Grand Laboratories, Shering,
and others.
One who reviewed projects for
funding, Dennis Hardy, Beresford soybean grower and president of the
South Dakota Soybean Research and
Promotion Council, said the projects
the council supports "definitely
promise payback to our farmers as
well as our consumers."
These biostress res~arch projects
strive to overcome diseases of plants
and animals for profitable production
and for pathogen-free foods for
healthy consumers. 0

Biostress connection:

Breakthroughs in
basic science

Biostress Lab contributes to
undergraduate student learning
by Cindy Price

ince its beginning three years
ago, the SDSU Northern Plains
Biostress Laboratory has provided
many opportunities for important
research and new discoveries for the
people of South Dakota and the
region. The benefits also reach the
undergraduate students involved in
this research.
Undergraduate students help associate professor Catherine Carter with
her research on genetic engineering
in soybean plants. Students Ryan
Wagner and Kim Weber insert foreign
genes into soybean plants to reduce
·adverse environmental effects on oil
quality.
Wagner, a recent agronomy artd
biology graduate, has worked in
Carter's lab since he was a freshman.

S

"Research really interests me," he
said. "I was raised on a farm and am
interested in agriculture. I knew if I
wanted to be in an ag-related field,
plant science was the best for me."
This fall Wagner will begin his
master's degree work in plant physiology at Washington State University
and may continue toward a doctorate.
"Working here, without a doubt,
gave me more experience than the
average college graduate," he said. "It
made me more desirable to the people looking for graduate students."
Weber doesn't intend to go to graduate school, but the senior microbiology major knows the lab experience
will also help her.
''You can only learn so much from
a book," she said. "The things I do
4

here, the techniques and protocols,
will be the same in any lab I go to in
the future. They may use different
steps, but the concepts and much of
the equipment will be the same."
Renae Ford, a senior agronomy
and environmental management
major, is completing her second year
in the Pedology Laboratory with plant
science professor Doug Malo.
Malo is working with several other
SDSU faculty members on a precision
farming project. His component is
developing baseline information
about soil plots using electromagnetic
induction.
"We run the instrument over a plot
and a magnetic field forms," he said.
"The instrument measures moisture
and soil density. If it works well, we

Opposite page: Scott Christopherson ,
senior Ag/Bio major, is recording th e
number of new velvet leaf weeds in his
test plot of corn. "Research takes a lot
of work," says Christopherson. "You
have to be out there every week
counting plants-you can't put it off."

can use this non-invasive procedure
instead of digging a lot of holes to get
samples."
Ford enjoys working on a project
that will help the agricultural community.
"Because we're using state-of-theart technology, it's neat to see how it
could be used to benefit farmers and
how.they plant," she said. "It should
minimize the time it takes to find the
soil types and get an accurate soil
map."
Ford, who will graduate in December, has found the project so interesting, she plans to begin her master's
degree work and complete the
research next year.
Undergraduate research work also
influenced recent agronomy graduate
Ryan Wolf to start his master's program next fall. Like many undergraduate students supervised by associate
professor Sharon Clay, Wolf spent a

Recent agronomy and biology graduate
Ryan Wagner prepares solutions for
soybean research he is conducting in the
Northern Plains Biostress Laboratory.
Wagner feels his.studeht work
experience gave him a head start in his
pursuit of a master's degree.
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Kim Weber, a senior microbiology major, examines specimens for a genetic
engineering project in soybeans. Weber feels her student work experience is preparing
her for her career. "The things I do here ... will be the same in any lab I go to in the
future."

semester examining the herbicide susceptibility of two types of barnyard
grass.
"I learned how to set up and conduct a research experiment and write
a scientific paper," Wolf said. "I want
to be a technical representative for a
chemical company after getting my
master's degree. A tech rep's job is
research plot oriented, so learning
more about research will help me in
the future."
Another of Clay's students, senior
biology major Scott Christopherson, is
5

counting velvet leaf plants in an
SDSU field to determine the distribution of seeds from the previous year.
"Research takes a lot of work,"
Christopherson said. "You have to be
out there every week counting the
plants - you can't put it off. I'm also
helping with a flea beetle project to
see if the ones we released to eat
leafy spurge have reproduced."
After this experience, Christopherson may work for the state health lab,
where he could use his new skills of
researching water, soils, and other
natural resources.
"These students gain valuable
insight into many areas, so whatever
career they go into, they can better
understand the people they deal
with," Malo said. 0

Biostress connection:

Developing a vital
human resource

SDSU scientists evaluate
'transgenic crops' for farmers
by Jerry Leslie

cientists at SDSU and a growing number of South Dakota
farmers are keeping their eyes on several "new kids on the block," agronomically speaking.
These are "transgenic" crops, resistant either to a class of herbicides or
to insects. Developed by private
industry, these herbicide- and insectresistant varieties or hybrids of soybeans, corn, and canola now are
available and· in use by South Dakota
farmers. More are on the way.
When they are growing side-byside with standard corn hybrids and
soybean varieties, you can't readily
tell one from the other, even though
one carries a gene from a petunia and
others may carry genes from various
soil bacteria, say SDSU researchers.
The differences aren't obvious until
you spray the field with a particular
non-selective burndown herbicide,
but the crop keeps on growing, or
until you pull the whorl apart looking
for corn borers and find none there.

S

f those transgenic crops SDSU
has evaluated so far, by and
large, the specialists give positive
reports. The products apparently do
what is expected of them. However,
the report card isn't in yet on economic payback to the additional cost of
the seed and herbicide combination.
These "wonder crops," products of
the emerging science of molecular
biology and tissue culture, command
a premium price over standard varieties. Seed companies seek to "capture value" for the years of expensive
research and development that went
into these crops.
In cases where seed harvested from
these crops could be used again for
seed, companies often require buyers
to sign an agreement they won't do so.
SDSU's scientists and Extension specialists, though not involved in the

Murt McLeod {left) explains SDSU research on the insect resistance of Bt corn at a
recent field day. A gene transferred to Bt corn. produces a toxin that kills insects. In
plantings at the Southeast Experiment Farm, non-Bt corn showed corn borer infestation
levels of 30 to 75 percent, while Bt corn infestation was virtually zero. ''Those are very
dramatic results," McLeod said.

0

development of these new hybrids and
varieties, believe they have a role in
evaluating them in the on-going partnership between farmers, land-grant
universities, and private industry.
SDSU scientists plan to provide an
unbiased assessment of the cost-effectiveness of herbicide resistant crops
and their place in the existing battery
of pest control programs.
6

The seed companies cooperate by
providing the experimental materials,
because they, too, want to see how
their products measure up. And farmers also are trying out the new varieties, to make their own personal
evaluation.
Leon Wrage, Extension weed specialist, and Paul Johnson, Extension
coordinator of integrated pest management, have various varieties of
herbicide resistant corn and soybeans
planted at several of the SDSU
research stations at Brookings, Beresford, and South Shore, and some with
private farm cooperators in Clay,
Brookings, and Sanborn counties.
Murt McLeod, Extension entomologist, and several research entomologists at SDSU are evaluating the
insect-resistant Bt corn at three locations-the Southeast Experiment
Farm at Beresford, the Northeast
Research Farm near South Shore, and
at a private cooperating farm near
Brookings.

ohnson said, "We look at them
as with any other chemical treatment that we're evaluating to provide
information on how they can work as
pest control tools." He added, "We're
trying to set up pest control programs
that work for our farmers.
"We evaluate them and see how
they fit in. We're not involved in the
development, that's all pretty much at
the company level."
SDSU's W.E.E.D. project has been
evaluating IMI corn and soybeans for
about 5 years, and new materials as
they come on line. "As they become
labeled, we make recommendations
on them as with any other program
that is labeled," Johnson said.
The recommendations go into
SDSU Extension Service weed control
fact sheets for corn and soybeans, and
they can be found in the current fact
sheets available in county Extension
offices.
"With a new scenario like this,
there is always over-excitement that
this will do everything you want it to.
We, however, look at it as just another tool,", Johnson said.
"We don't think you will find any
(herbicide-resistant crop) that will be
your total weed control strategy. It's
good to be diversified."
However, these varieties or hybrids
"will allow us to take care of some
special weed situations we haven't
been able to in the past. For example,
Roundup and Roundup-Ready soybeans will give excellent help with
Canada thistle and milkweed control."
One pitfall, according to Johnson, is
that "Roundup, as with any postemergence herbicide, has no residual control, only what it contacts at the time.
"In most (commonly used) weed
control scenarios now, we don't see
just one chemical out there with the
crop. It usually is a mixture of several
different timings to make sure we've
got our weed control."

J

cLeod, evaluating Bt corn
with support from the South
Dakota Corn Utilization Council, said
the SDSU team is looking at efficacy
of Bt com and how well it controls
com borers in contrast with non-Bt
com scouted and treated in a conven-

M

Transgenic crops being evaluated by SDSU
• lmidazolinone Tolerant Corn, abbreviated (IMI) or (IR). Labeling for
"IMI" tolerant or resistant hybrids is included on American Cyanamid
products Pursuit and Pursuit Plus, and Contour and Resolve premixes.
• Sulfonyl-urea tolerant soybeans (STS). Developed to offer additional tolerance to Du Pont's Resource herbicide.
• Glyphosate tolerant soybeans (Roundup-Ready). Monsanto
research has developed glyphosate (Roundup) tolerance from petunia
tissue culture. Roundup labeling for use on Roundup-Ready soybeans
has been approved .

a

• Sethoxydim resistant corn (SR). This corn was developed and
patented by the University of Minnesota. Labeling for Poast Plus herbicide used as a directed spray application was approved in 1995; additional product labeling to allow sethoxydim over-the-top on SR corn
hybrids was anticipated for 1996.
• Glufosinate tolerant corn and soybeans. Glufosinate (Liberty) ·is a
non-residual herbicide that gives rapid burndown of annual grass and
broadleaves. Labeling for Glufosinate-tolerant crops will be on Liberty
herbicide products.
• lmidazolinone and glyphosate and glufosinate-tolerant canola
{HTC). Development is continuing with several herbicides in addition to
the atrazine tolerant variety currently available in Canada. Pursuit tolerance was anticipated for 1995, Roundup in 1996, and Ignite/Liberty in
the future.
• Bt corn is a corn hybrid carrying a gene from the soil bacterium
Bacillus thuringienses which produces a toxin that kills insects, and the
gene for the toxin-production was transferred to corn.

tional manner. An economic analysis
will be done on returns to the premium paid for Bt corn, and long-term
financial impact for farmers.
"There are a lot of areas in South
Dakota where we do not have corn
borers every year. We have very serious problems this year and we did
last year. But corn borers tend to be
cyclic. We want to look at these comparisons, both in a year when you
have a lot of corn borers, and in years
when we don't have a lot.
"We want to be able to make recommendations on how much Bt com do
we plant and in what years do we plant
it. Those questions haven't necessarily
been answered yet," McLeod said.
"The most dramatic results this
year are at the Southeast Experiment
Farm where infestation levels of com
7

borer in non-Bt plots were as high as
30 to 75 percent shotholing, with one
to five borers per plant. Bt com had
virtually zero corn borers.
"Those are very dramatic results,"
McLeod said.
SDSU is testing Ciba seeds and
Northrup King varieties on SDSU
plots, and some Pioneer on private
cooperator fields. McLeod hopes to
look at other companies as well.
Other SDSU plant scientists involved
in the evaluation are Mike Catangui,
Billy Fuller, and Mark Boetel. 0

Biostress connection:
Reducing stress
from crop pests

No-till can be best option
for land coming out of CRP
by Mary Brashier

n the next 4 years, South Dakota soil structure, and water retention. He
farmers and ranchers will have . has advice for producers planning to
put their CRP acres back into cropland.
to decide what to do with 1. 7 million
"It can be challenging to begin cropacres of less than ideal farmland.
ping a field that seems to be swamped
Contracts for these acres will be
in grass and residue and maybe even
expiring after 10 years in the Conserhas gopher mounds," he commented.
vation Reserve Program (CRP). At
"Some studies have shown that all the
peak CRP enrollment, 1,760,383
gains in erosion ·Control of 10 years in
acres were signed up.
grass can be wiped out in 3 years of
"Most of those acres, except for a
chunk of wetlands, were highly erodi- intensive farming. We need to prevent
ble when they went in," said Tom
that."
Schumacher encourages producers
Schumacher, SDSU plant researcher.
"Depending on slope of the land, soil
to consider no-tilling if they plan to
return CRP acres to cropland.
types, climate, and other variables,
"If you can handle it and feel comsome were losing 36 tons of soil per
fortable with it, it's the way to go. I
acre per year. Easily."
know it works, I've seen producers do
Schumacher asserts that CRP land
it, and we've done it ourselves."
with well established grass cover
loses little or no soil to wind or water
ne of those producers is Steve
erosion.
.
Taylor, Presho, S.D., who
"Essentially zero," he emphasized.
started no-tilling in 1988. He is a cauSchumacher has followed the rejuvenation of CRP plots and documented tious man, examining all the angles
their improvements in surface cover,
before committing himself.
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His reasons for using no-till were
economic. "We liked the idea that we
could eliminate summer fallow and
get a crop on every acre," Taylor said.
"There are even better reasons for
no-till this year than when we started
out. Land values in this area have
increased to $400 and more. How can
you afford at those prices to leave
land fallow?"
Schumacher, Dakota Lakes
Research Farm manager Dwayne
Beck, and researchers from the · '
USDA-ARS agricultural research station at Morris, Minn., have study
plots on Taylor's CRP acres.
And Taylor observed, "We've seen
the value of soil conservation-the
benefits of erosion control. With the
moisture we're saving, we can raise a
crop every year."
Taylor no-tills everything-wheat,
com, millet, peas. There are few
exceptions; sunflowers occasionally
get more conventional treatment.
Sons Todd and Tim are also no-till
farmers. The three men share in a feehunting enterprise.
"CRP land helped provide us with
the pheasants to keep that going,"
Taylor said.
areful producers have to
believe they're getting some
payback before they will change to
no-till, Schumacher said. From past
research and from test plots at Morris,
Minn., the Taylor ranch, and in Pennington County, he can add up the
returns.
"I full well know that CRP produced other good things-wildlife
enhancement, biodiversity, recreation, you name it. But I focus on how
plant cover, soil structure, and water
infiltration can check soil erosion and
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As land that has been part of the CAP program comes back into production, SDSU
· researchers are encouraging farmers to use tillage practices that offer continued
erosion control. Steve Taylor, Presho, S.D., has been using no-till since 1988. "We
liked the idea that we could eliminate summer fallow and get a crop on every acre."
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Acres coming out of CRP:
1996

1997

1998

1999

2000

2001

2002

2003

Totals

35 ,865

357,755

479,788

414,868

454,277

4,056

10,6~6

19,127

East River

23,264

217,610

161,767

198,942

351,742

3,050

7,588

4,963

West River

12,601

140,145

318,021

21 5,926

102,535

1,006

3,068

14,164

benefit the person who comes to farm
that ground again."
Residue on the soil surface is the
number-one benefit of CRP enrollment, as Schumacher sees it.
He means the material lying flat on
the ground, not the growing plants.
"The dead stems and leaves and other
residue are more important than the
living canopy to reduce runoff and
stop erosion."
Living vegetation is obviously Benefit Number Two, he added. Depending on the location, the rainfall, and
the species mix, this plant and residue
cover will vary.
"It's common to estimate average
savings in erosion on CRP lands
nationally at 19 tons per acre per
year. That's a lot of soil saved. It's the
cover that reduces wind and water
erosion to tolerable, or 'T,' soil loss for
a particular soil."
Benefit Number Three is improved
soil structure, said the soil scientist.
Soil with good structure has pores
that serve as airways and waterways.
The size and distribution of soil pores
determine infiltration rates, internal
drainage and aeration, the waterholding capacity, and the amount of
soil water that is available to plants.
The most important soil pores are
"macropores" open to the surface, he
added. "Open, not sealed. If they're
covered with even a thin layer of soil,
they'll not serve their purpose, water
will not enter the soil as quickly, and
you'll get runoff again."
Macropores occur along the length
of roots that have lived and died and
contributed their organic matter to
the soil. Sometimes, macropores are
tunneled out by earthworms.

''Why

lose that erosion control," Schumacher asked.
"One of the things we've been look-

"The beans are from a maturity
group that wouldn't go to seed in the
Presho area, and they are Roundup
resistant, so we can use the beans as
part of a weed control program as
well as a nitrogen enhancer."
After planting, the researchers simulate two 2.5-inch-per-hour rainfalls a
day apart. "The first rainfall equalizes
water contents in all plots. It is a 'dry
run,' so to speak." Then they can measure runoff and amount and speed of
water infiltration into the soil.
ing at is to kill the sod without turning it over. This maintains the flat
cover which keeps the macropores
open at the surface."
At the Taylor ranch, the plots in
former CRP land are different combinations of crop rotations and mechanical treatments.
One is conventional tillage, or winter wheat-black fallow, ''weed free
because it's worked up." Several others are variations of winter wheatgreen fallow, where the green fallow is
killed chemically during the growing
season to conserve water. Superimposed on cropping sequences are chisel, no-till, and plow-first treatments.
The plow-first treatment, Schumacher said, is a one-time breakout of
the CRP followed by no-till after the
first wheat harvest. It keeps less
residue than planting into sod, but the
heavy mass of roots brought to the surface compensate better than plowing
in an on-going farming system.
"Some producers feel more comfortable if they even out the gopher
mounds first by plowing, even though
it takes a lot of power," Schumacher
said. "Actually, we've found that once
there's no more grass, the gophers
tend to move on anyway."
Green fallow on the test site has
been millet, lentils, and now soybeans.
9

''We

aren'.t se_e ing differences m yields yet;"
Schumacher said, "but there are big
differences in residue cover. Greenfallow no-till treatments have residue
coverage 45 percent higher than other
green fallow treatments.
"There is starting to be a difference
between management systems in
terms of how they handle runoff and
probably erosion as well. Treatments
with tillage have significantly higher
runoff than the no-till or CRP treatments.
"I wouldn't attempt to push any
producer into using a tillage method
he didn't feel comfortable with,"
Schumacher concluded. "But I'd sure
urge consideration of no-till directly
into killed sod. I'd also suggest
attending Experiment Station field
_days and visits with .knowledgeable
producers like Steve Taylor.
"Land is going to start coming out
of the CRP in a very big way next
year. We need to take care of it so it
never becomes an erosion problem
again." 0

Biostress connection:
Conserving natural
resources

Muscle characteristics point
to new ways to market pork
by Larry Tennyson

eef chuck 10-15 years ago was
considered a fairly low-value
meat cut. But that was before analysis
was done on the characteristics of the
muscles that it contains. Now the
analysis data is used to develop new
merchandising options. As a result, the
types of products from the chuck that
are found in your neighborhood grocery store have changed considerably.
Recent characterization research
does not exist for pork. Some preliminary work of this type was done back
in the 1960s, but, even so, hardly any
characterization analysis has been
done on pork shoulder muscles. Furthermore, pork products have
changed a lot in the past 30 years.
Recognizing this need, Rosie Nold
has set about assembling the same
type of basic information for pork that
was assembled for beef back in the
early 1980s.
Nold, a former Brookings County
Extension agent, is now completing
her muscle characterization studies
under the guidance of SDSU animal
science professor John Romans as part
of the requirements for her doctorate.

B

Rosie Nold, a doctoral candidate at
SDSU , is assembling baseline data on
fat, moisture, water holding capacity,
color, shear force, and collagen content
of different shoulder muscles.
Characterization analysis of pork
shoulder cuts may lead to additional
merchandising options, increased
consumer acceptance and added value
for producers. Three commercial
companies have already expressed
interest in the results of Nold's study.
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old is analyzing the characteristics of various muscles out
of boars, barrows, and gilts-including fat, moisture, water holding
· capacity, color, shear force, and collagen content. The analysis is being
conducted at two different carcass
sizes: a typical market weight of 240250 pounds, and a lighter weight of
not over 220 pounds and less than
150 days of age.
The greatest difficulty has been the
labor involved in slaughtering and
dissecting 24 carcasses from each
weight group and pulling 12 muscles
out of each carcass.
"That translates into nearly 600
samples-each of which then has to
be analyzed for each of the characteristics," Nold indicated.
Water holding capacity indicates
how well the muscle retains the moisture that it contains. Some of the
muscles can retain that juiciness during cooking much better than other
muscles.
Color measurements are done with
a spectrophotometer that measures
three color values: the lightness of
the product, the redness of the product, and the amount of any bluish
tint.
Shear force is a measurement of
tenderness. A half-inch core sample of
meat is tested by a machine in the Ag
Engineering Department that measures the amount of force that it takes
to cut through the sample.
Several of the muscles being characterized are from the pork shoulder.
Romans said this is an important part
of Nold's research. "Historically, the
shoulder has often been ground up
into sausage, but Nold is finding that
the shoulder contains several very
desirable muscles for their palatability
and leanness. Her work may lead to
new cuts of pork that can be marketed
at a higher return for the producer."
Analysis also is being done of muscles from the loin and the ham. The
ham most often is simply cured and
sold, but, considering the pork indus-

N

try's goal of making its product the
meat of choice by consumers by the
year 2000, there also are some new
marketing opportunities for the ham
and also for the loin, said Nold.
"We're not actually looking at byproduct use," Nold continued. "We're
simply doing the ground work for
ways to increase the value of muscle
products."
ne of the reasons for including boar meat is that intact
male pigs normally have not been utilized here in the U.S. This part of the
study was inspired by the experiences
of SDSU animal science professor
George Libal during his sabbatical
leave in Australia some years earlier.
Libal found that boar meat is used
quite a lot in Australia and in some of
the European counties, and he has
had a continuing interest in the benefits of developing the same type of
consumer demand here in the U.S.
Libal is in charge of SDSU's Swine
Unit, where the pigs originated for
Nold's study. He also serves on her
doctoral committee.
Nold has found that acceptance of
boar meat in other countries is partially a matter of what the consumer
is used to, so she felt it important to
include this type product in the study
and also to subject it to taste panels.
The problem is not only with
toughness and leanness in boar meat,
but also in a fairly offensive odor
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·found in some carcasses but not in
others. The reason for this is not fully
understood.
Romans said Nold's work with the
intact male is one of the more important aspects of her research. "We
know that low fat content is critical to
consumer acceptance of any meat
product, and the intact male is a leaner animal. Historically, in this country, we alter the intact male into a
barrow-and that barrow is less lean
and doesn't grow as fast.
"So, if Nold's work can lead to a
way to minimize the offensive odor in
intact male pork, we can produce
pork that is more economical, tender,
and flavorful for the American consumer."
old also is discovering that
after a shoulder is boned out,
a couple of the muscles can be pulled
out relatively easily and marketed
separately. Other muscles would be
cost-prohibitive because of the labor
involved.
She has further found there is not
a lot of difference in the muscles
between sexes, but there is a lot of
difference among the muscles types
themselves.
Currently, Nold is measuring collagen content. Collagen is connective
tissue that eventually becomes what
the lay person calls "gristle" in the
meat.
Almost 4 years of part-time work
will have gone into the research by
the time she concludes and summarizes it this fall.
Meanwhile, three commercial companies already have indicated an
interest in the baseline data the Nold
study will yield. 0
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Biostress connection:
Added value

to the pork carcass

Biostress research brings new
opportunities to South Dakotans
photos by Tom Bare

Biostress is whatever condition keeps humans,
plants, and animals from reaching full growth and
full potential. Sometimes, biostress research is
best conducted where the environmental stressors
are, Jackie Rudd, left, SDSU wheat breeder,
credits the one-a-year releases of new wheat
varieties to the field-and-greenhouse research of
the past 25 years. "A conventional breeding
program can be very successful if it has continued
long-term support," he said. Pat Johnson, above,
SDSU range scientist, also works in the field,
measuring the vigor of individual plants grazed
under various management options. Meanwhile,
David Benfield, David Francis, and Chris Chase,
left, Animal Disease Research and Diagnostic
Lab, do much of their work at ultramicroscopic
levels, as here when they chart the proteins found
on the surface of mucous membranes. These
proteins may be binding sites for pathogens
responsible' for bacterial scours in pigs, PARS,
and herpes-caused diseases.
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A largemouth bass on the line will help humans relieve stress but is
itself subject to many environmental stressors and rarely reaches
this size in South Dakota impoundments, according to Mike Brown,
left, of the SDSU Department of Wildlife and Fisheries Sciences.
He is evaluating factors that keep largemouth fingerlings from
growing to catchable size and reproducing in ponds up to 100
acres in size and will be preparing stocking recommendations.
Robbi Pritchard, above, animal scientist, is concerned about beef
growth factors and is searching among various implant strategies
for the best combination of performance and carcass after 150
days of feed.

I
South Dakota soybeans contain phytochemicals that help prevent
cancer and heart disease, according to Chunyang Wang, above,
Department of Nutrition and Food Science. This was discovered after
processing technologies were in place, so new methods are needed to
preserve these healthful chemicals. In another lab, ''we are looking at
genes in mice which also exist in cattle, pigs, and humans and which
control rate of gain, carcass composition, and overall health," said Nels
Granholm, right, Department of Biology/Microbiology. The black is
normal for all genes except coat color; the light-colored mouse carries
many serious mutations; the third animal is "your basic corncrib mouse,
totally normal" for the "agouti" genes being examined.
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SDSU research turns corn
co-product into road deicer
by Mary Brashier

hy does a research microbiologist watch the corn markets so closely? Not for price swings.
"It's great when corn prices are
high," SDSU microbiologist Bill Gibbons admitted. "But on the other
hand, a lot of small ethanol plantsmost of them farmer cooperativesmust now run at half capacity
because their raw product is so
expensive."
Robyn Hansen, Sioux Falls, S.D.,
executive director of the South Dakota Com Utilization Council, which is
sponsoring the research, agrees with
Gibbons about the effects of price
changes but added, "We're lucky here
in South Dakota. We have two
ethanol plants in great shape. They
are efficient, and they're constantly
upgrading their technology. What
they could use is another product to
market, to even out the economic ups
and downs.
"The bottom line in corn production today is adding value to the crop.
Adding value stabilizes income for
producers when prices shift radically.
Producing ethanol is one way of
adding value. Making CMA from what
is ordinarily a waste product of
ethanol distillation is another. We are
pinning some hopes on CMA."
CMA (calcium magnesium acetate)
is an environmentally friendly road
deicer. It keeps snow particles from
adhering to each other or to the road;
the snow stays "dry'' and mealy. Pure
CMA can actually prevent the formation of snow pack and ice on pavement surfaces.
CMA is biodegradable; it does not
. kill vegetation or pollute the soil or
water. It is even less corrosive than
tap water. In contast, it is believed

W

that the United States loses over $5
billion per year to vehicle and highway corrosion caused by road salt.

B

ut there's a hitch, Gibbons
said. Pure CMA is impossibly

expensive, even when produced by
giant companies with every known
technological advantage.
"When the current price of road
salt is $30 per ton and the current
price for pure CMA is $850 per ton,

/ I
CMA (calcium magnesium acetate) is made from a corn co-product of ethanol
production. Used as an environmentally-friendly road deicer, CMA keeps snow
particles from adhering to each other or to the road, preventing the formation of snow
pack and ice. Unfortunately, pure CMA is also prohibitively expensive. SDSU
microbiologist Bill Gibbons (left) and graduate student Susan Fox are working on an
economical CMA/salt mix that would provide the benefits of pure CMA while
eliminating the corrosive properties of the salt.
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" But a lot is left over, and what
can you do with it? Dump it?"
Not likely. Thin stillage is extremely high in BOD, biological oxygen
demand, a measure of pollution
potential. The higher the BOD, the
faster microorganisms in water will
feed and grow, using up oxygen and
creating fish kills.
Domestic sewage has a BOD of
700. Stillage ranges from 20,000 to
40,000.
A relatively small alcohol plant
with a capacity of only several million
gallons could produce as much organic pollution as the whole city of Sioux
Falls, Gibbons said.

guess which product highway departments are going to use."
But Gibbons is sure the CMA does
not need to be "pure."
"A 20:80 blend of CMA:salt just
about eliminates the corrosive properties of the salt portion. We don't know
why, but for $194 a ton, we can have
basically a noncorrosive deicer."
That is well below the $300-$350
figure st,ate highway departments
indicated in a national survey that
they would be willing to pay for a
noncorrosive alternative to salt.
Gibbons and his graduate students
aren't satisfied with even that $194
price tag and have worked out a
cheaper-yet way to produce CMA.
They use a co-product of the corn
ethanol production process.
istillation of the fermented
beer made from the corn produces ethanol and stillage, Gibbons
said. Running the stillage through a
centrifuge separates it into two coproducts-distillers' wet grain which
ends up as livestock feed and a liquid
known either as thin stillage or
"sweet water."
"Sweet water is a big problem for
most small alcohol plants," Gibbons
said. "Larger plants evaporate it,
using up a lot of energy along the
way. The product left after evaporation is condensed corn solubles, and it
has some uses. Smaller plants maybe
can recycle up to 40 percent of sweet
water back into the ethanol process.

D

hin stillage becomes the starting point for CMA production
in the SDSU process.
"We add a little glucose to give the
bacteria energy to do their work, a lit-:
tle base to adjust pH, and add bacteria and let them make acetic acid naturally. Dolime is added to neutralize
the acetic acid, and the CMA precipitates out. And this all happens in the
fermentation broth.
"We think that an ethanol plant
could add a couple of fermentation
tanks where the thin stillage comes
off and later evaporate the CMA liquid out to whatever concentration is
is most appropriate for use·on roadways. It makes a really nice system."
Adding the secondary fe rmentation
may run $100 per ton of product produced in additional equipment and
operating costs.
Meanwhile, his graduate students
continue to find even more ways to
pare down the costs of the process.
Former students Steve Bock and
Scot Benson and c~rrent student Kyle
Schaible have trained the microorganism to get along without the vitamins,
minerals, and growth extracts it usually requires. The work now is to
reduce the glucose by half, adding
more waste stillage instead. "That will
reduce CMA product cost by almost
half again."
Susan Fox, another graduate student, concentrates on the "bug" itself,
which actually has a low tolerance for
the acid it produces. The more efficient it is, the faster it kills itsel( off.

T
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Fox produces random mutations in
a population of bacterial cells, with
the survivors then inoculated into
flasks containing different -concentrations of acetic acid. This selects for
mutants able to tolerate higher levels
of acetic acid and and produce
acetate faster.
There are other advantages to a
"super bug."
"If it tolerates higher levels of
acetic acid, you don't have as much
evaporation cost at the end of the
process," Gibbons said. "And if it can
produce the acid faster, you can run a
batch through faster and and produce
the same amount of product with
smaller fermentors."
f Gibbons has to rely on only his
lab's 5-gallon experimental fermentor or even the larger 20-gallon
fermentor elsewhere on campus to
make enough CMA to road test, he
may well be teaching another generation of students before any results
come in.
Hansen, whose organization has
funded the value-added corn co-product research to this point, agreed that
collecting enough CMA will be a long
process.
"We may have to start with a single
bridge or a very short stretch of highway in an environmentally sensitive
area," she said.
To speed things along, South Dakota researchers will work with
researchers in other corn-producing
states who have access to larger pilotplant fermentors. Alternatively, Gibbons may try .test fermentations in
suitably equipped commercial ethanol
plants, she added.
"CMA is going to b~ a very good
aitemative to road salt," she said. "It
makes sense to commit to CMA, since
it adds more value to a crop so many
South Dakotans grow and depend

I
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Biostress connection:
More income options
for corn growers
and processors

Careful monitoring and managing of
animal nutritional needs will make dairy
cows healthier. The immune systems of
healthier animals will do a better job of
fighting off disease, reducing the need
for antibiotics, says Sharon Franklin of
the SDSU Dairy Science Department.
This will mean less milk will be tainted
with antibiotic residue and therefore
wasted.

Queen Cheese in Milbank says his firm
analyzes every incoming load of milk
and rejects any that tests positive for
the presence of antibiotics. Antibiotics
inhibit the bacteria culture used as a
starter in the cheese-making process
and may alter the cheese to such an
extent that it would be unmarketable.
hat can be done ·to alleviate
such losses?
"If we can reduce the amount of
antibiotics required in a good dairy
management program, we not only
will reduce the cost of antibiotics as
an input, but we also will reduce the
· amount of milk that we lose each year
due to the presence of small amounts
of leftover antibiotics," said the
researcher.
One way to do this is to make the
cows healthier by monitoring and
managing their intake of essential vitamins and other nutrients. The aim is
to enable the immune system to do a
better job of resisting disease in the
animal. If the animal can fight off disby Larry Tennyson
eases naturally, the use of antibiotics
can be decreased significantly.
In one specific part of the effort,
hen antibiotics show up in
antibiotics in milk. In fact, the use of
Franklin and her colleagues are interantibiotics is an important part of a
milk, bank accounts suffer.
ested in developing a test that can be
Sharon Franklin of the SDSU Dairy good dairy herd management proused to determine Vitamin A status in
Science Department said that last
gram," explained Franklin.
a dairy cow.
"It's only that producers aren't
year in South Dakota 54 tanker loads
Several vitamins and nutrients have
always able to detect when the last of
of raw milk had to be dumped
been
proven to relate directly to the
because of the presence of antibiotics. the antibiotic residue has totally left
effectiveness of the immune system.
That represented a loss exceeding
the cow's system.
These include chromium, zinc, copper,
$200,000, and nearly all of that loss
"Tests now used by health officials
was borne directly by the producers.
are so sophisticated that they can pick selenium, and vitamins E and A.
These nutrients make up a very
Officials guard against antibiotic
up the presence of even very minute
small
portion of the diet, but scientists
residues in milk because of its potenamounts of antibiotics in milk, so we
know what are the most beneneed
to
tial to develop antibiotic resistance in
are having to dump more and more
ficial
ratios
of the nutrients.
bacteria and other organisms associat- milk because of this."
Vitamin
A
supplementation is first
·ed with disease in humans.
Tests for possible antibiotic activity
on
the
list
to
be
investigated, said
also are necessary in dairy processing
"It isn't that dairy farmers are tryFranklin.
ing to slip past the rules that prohibit
plants. Max Gonzenbach of Valley
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Scientist seeks ways
to lessen dependence
on dairy antibiotics

W

16

resently, Vitamin A deficiency
is really difficult to detect. The
P
main storage area for Vitamin A is the
cow's liver. The cow's system is such
that it will keep pulling Vitamin A
Jrom the liver to maintain constant levels in the blood stream until the liver is
almost entirely depleted.
"Because of this, when we take a
blood sample from a cow and look for
Vitamin A, we really can't tell what the
cow's status is," she explained.
One of the few effective tests is to
take a biopsy of the liver. A liver biopsy now is the only way to detect an
ongoing Vitamin A deficiency. There is
evidence that the cow's immune system actually is already affected before
any other clinical signs of Vitamin A
deficiency might occur, she added.
Franklin and her group are now taking liver biopsies from cattle known to
be deficient in Vitamin A-in this case,
from calves, because they are born Vitamin A deficient. The researchers are
correlating this data with any subsequent changes they detect in the
blood. The correlations will be used in
developing a simple blood test to
replace .the biopsy method.
If the new test can detect cattle
that are marginally deficient in Vitamin A, it will then become possible to
supplement the diets of those animals
and restore their immune systems
before disease actually occurs
If a herd is having a problem, and
the producer can't get a handle on the
cause, such a test would enable a veterinarian to take blood samples from
a random selection of individual animals within the herd and determine
the possible existence of widespread
Vitamin A deficiency, she said.

Study also may lead to
more valuable dairy products

''Good

research leads to more good research, and studies on the
immune system are no exception," Franklin said. Findings from
the current research effort will assist researchers in a related effort in the
Dairy Science Department to incorporate omega-3 fatty acids into milk fat.
Achieving this breakthrough would make healthier dairy products,
because omega-3 fatty acids have been shown to help prevent heart disease
and rheumatoid arthritis in humans.·Omega-3 fatty acids are now found
mostly in cold-water, deep-sea fish, Franklin said.
The idea is to find a way to add omega-3 fatty acids to the cow's diet and
have her incorporate them into her milk as a polyunsaturated fat.
Suggested daily intake of omega-3 fatty acids for humans is 300-400 milligrams, but most of us consume only about a fourth i:o a third of that in our
normal daily diet.
"Based on our preliminary results, we hope to get enough omega-3 fatty
acids into the milk to supply all the rest of the recommended daily intake,"
Franklin said.
At present, however, cows have other ideas about the process. They typically convert unsaturated fatty acids to saturated fatty acids in the stomach.
That's just one more obstacle SDSU biostress scientists will surmount as the
research continues.
If the scientists can meet the challenge of incorporating the omega-3 fatty
acids normally found in fish oil into the cow itself, this also may tend to protect the cow's health and diminish the need for antibiotics even further-so
this is yet another potential benefit, according to Franklin.
''The omega-3 research may have more potential than any other type of
research we have going at present," Franklin commented. "It has a huge
potential to benefit both consumers and producers. We're hoping persons in
South Dakota could be the first to market omega-3 enhanced dairy products."

his fall, Franklin and her associates also will begin looking at
the interactions of Vitamins A and E
in calves.
In milk replacers, it is very common to include antibiotics, because
they promote growth. But if scientists
can determine the right nutrient supplementation scheme in milk replacers, the need for antibiotics will
diminish accordingly, she continued.
"We need to realize that when we
begin manipulating the ratios of the
nutrients, we could cause harm to the
animal as well as benefits unless we
take precautions. If we promote a
high level of Vitamin A, it may be that
we also are decreasing the animal's
ability to absorb Vitamin E. When the
concentration of a nutrient such as
selenium rises to a certain level, it can
in fact become toxic.
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"So, rather than going into a herd.
with a shotgun approach and throwing some nutrients at the animals and
seeing what happens, we'd much prefer to have good tests that give us
something better to go on.
"All this will enable us to learn a
lot about how to supplement our
cows with Vitamins A and E, and we'll
also learn how to improve their
immune systems and decrease the
incidence of maladies like scours and
mastitis," she concluded. 0

Biostress connection:
Healthier dairy cows
fight stress better

SDSU research aims at making
precision farming pay off
by Jerry Leslie

he global positioning system
(GPS) and the ability to map
fields for precision farming have dominated recent headlines in the farm
press.
Now the challenge for land-grant
university scientists is to go a step farther and refine the technology so it
works profitably for producers. This
has become the focus of several
research efforts at SDSU and cooperators with USDA's Northern Grain
Insect Research Laboratory.
The motivation is to put seed and
chemicals down at more precise rates
and locations within a field for the
best economic return to each input.
To make that possible, a producer
has to build a database on each field,
yard by yard: its soil type, pH, organic
matter, ·soil fertility levels, insect populations, and weed infestations at any
given time. That effort takes time and
money.
"We're trying to do things that will
give you a better than $1 return for
$1 invested," said Greg Carlson, professor of plant science and site-specific researcher at SDSU.
Intense scouting and grid soil testing year after year are expensive, so
other ways must be found to assist
these techniques or reduce their cost.

T

everal SDSU and USDA Agricultural Research Service
S
researchers are at work on ways of
accurately and economically measuring and predicting spatial distribution
of weeds, insects, soil types, pH, and
plant nutrients.
Plant scientist Sharon Clay and
graduate students are working with
spatial distribution of weed populations over years in attempts to project
populations from previous years. This
would help reduce scouting costs.
Plant science researcher David Clay
is looking at soil nutrients and ways

SDSU Dakota Lakes Research Station manager Dwayne Beck has used a yield
monitor and GPS receiver on a combine and has tested the accuracy of GPS
equipment. He is modifying a drill that can be used for no-till seeding of both small
grains and row crops with variable-rate capabilities for seed and fertilizer.

to make soil test maps accurate with a
reduced number of samples through
new statistical procedures. He is looking for an optimum level of soil sampling to give the greatest return for a
farmer.
Plant science researcher Kalyn
Brix-Davis is evaluating·accuracy of
yield monitors and assessing errors
associated with data coming from
yield monitors. "Calibration is itself
an art," said Carlson. "Yield monitors
don't tell how much wheels are slipping or how much the swather pickup
is overlapping."
Mike Ellsbury of the USDA Northern Grain Insect Research Lab, in
cooperation with SDSU, is studying
how com rootworms distribute spatially in a field in hopes of being able
to predict where in a field they will be
numerous and treatable.
Ag engineer Dan Humburg is working with machine vision sensors and
image processing. His first effort has
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been to use machine vision to locate
and measure mushrooms ready to
harvest. He also intends to use remote
sensing to estimate and map sugar
content of sugar beets by measuring
the intensity of the color in their
leaves. Continued sensor development, drawing from the science of
robotics, may lead to equipment that
will sense, while on-the-go, things like
insects feeding, insect flights, nitrogen
deficiencies, or organic matter in soil,
Humburg believes.
As for identifying specific weeds,
Humburg thinks, "From a practical
standpoint, it will be hard to replace a
person riding on a bean buggy with a
squirt bottle."
However, Humburg noted that
already sensors are used to detect
vegetation on fallow ground and turn
a sprayer on and off at the right time.
Thi~ technology may have some application with herbicide-tolerant crop
varieties to sense plants between the

rows and turn on a nozzle that
applies a non-specific herbicide.
The yield monitor on a combine is
among the first pieces of technology
becoming practical for many farmers,
according to Carlson.
Carlson said he has heard of several
seed corn companies that are offering
very reasonably priced yield monitors
to farmers in return for their business
for a certain number of years. Yield
monitors also are available on new
combines coming on the market.
A yield monitor in conjunction
with a GPS receiver make it possible
to yield-map a field and store the data
on a computer disk. That's the first
step toward deciding what areas will
support higher plant populations and
higher yield goals for variable rate
seeding in subsequent years, according to Carlson.
He and others are developing "economic response curves" that will show
farmers graphically what levels of
plant populations and fertilizer applications they can expect to produce
the most profit.
The next logical move after a yield
monitor-is a variable rate seeder and
chemical applicator.
Dwayne Beck, SDSU's manager of
the Dakota Lakes Research Station at
Pierre, has used a yield monitor and
GPS receiver on a combine for several

maps on several com and soybean
fields. This summer, the station is
obtaining its own yield monitoring
·
capability.
ome of the site-specific work at
SDSU is funded by grants from
S
the South Dakota Soybean Research

years, and his station has tested the
accuracy of GPS equipment. He is
modifying a drill that can be used for
no-till seeding of both small grains
and row crops with variable-rate
capabilities for seed and fertilizer.
Beck and Carlson have an experiment in progress with iron-deficient
soils and soybean varieties that are ironchlorosis resistant-in preparation for
switching varieties seeded on-the-go. It
is sponsored by the South Dakota Soybean Research and Promotion Council.
Bob Berg, SDSU's manager at the
Southeast South Dakota Experiment
Farm, used a variable rate seeder to
begin assessing yield results from a
wide range of plant populations. Last
year, he hired a custom-harvester
with GPS equipment to produce yield

Global Positioning System

and Promotion Council and the South
Dakota Corn Utilization Council
through producer checkoff dollars.
These grants are used to leverage
other funding.
David Diedrich of Elkton, who
began using GPS equipment and a
yield monitor last year, said, "We've
learned some things. Last year, the
yield map was directly related to
drainage. Lower, wetter ground didn't
get the canopy early enough so weed
competition reduced yield."
Despite limited accuracy on the
yield monitor, Diedrich believes the
farm is getting an economic payback
from GPS technology. "I think we
have enough acres to justify it. We are
getting data we can use down the
road. Now we are trying to figure out
how to use it in a lot of ways. Just
having the yield monitor in the combine is an advantage."
Carlson said precision equipment
will come onto the market more
rapidly over the next 5 to 10 years. In
a few years, he also expects standardized interfaces between equipment.
"The real problem we have is agronomic-what does it mean and what
recommendations we will give," Carlson said. "We'll continue to work to
improve our recommendations. Our
technology is moving faster than our
knowledge of using and understanding
the equipment," Carlson concluded .
. This biostress research aims at management of crop plant populations, fertility, weeds, insects, and diseases-in a
way to overcome the plant stressors in
the least expensive and most environmentally friendly ways possible. 0

Biostress connection:
Technology for
enhanced profits and
production efficiency
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When Clarence Mortenson started
ranching in 1942, soil erosion was out of
control, soil moisture was depleted and
whole stands of trees were gone . . That
has changed now. Mortenson says his
efforts to return the land to its original
condition have doubled its livestock
carrying capacity.

a.
a.
w

!

ja.

he decided to· focus on returning it to
its original, pre-homestead condition.
One of the first of Mortenson's
efforts was to hand-plant hundreds of
nursery-stock trees along the waterways where trees grew in earlier
times. Several years later, drought
killed them all.
From this failure, Mortenson concluded that the water table had to be
recharged before the trees could survive long-term. Deep gullies that had
been cut into the waterways were
bleeding wounds that prevented
retention of the groundwater.
Mortenson began building a series
of check dams along the creeks. They
trapped eroded soil, filled in the gullies, and raised the flood plain and
the creek beds. The dams also slowed
· runoff from snow and rains, allowing
the water more time to soak into the
water table.
The dams were, in fact, designed
in with soils carried from neighto
fill
by Larry Tennyson
boring grain fields and other erodible
lands. As eroded soil filled the dams,
Ranch lands like this were seriousdefinition of stewardship
water then spread broadly over the
may well be 'Mortenson,"'
ly damaged during homestead days,
flood plain to further soak into the
said Carter Johnson, professor of ecolwhen every scrap of wood was used
aquifer, and this became a source of
ogy at the SDSU Department of Hortieither for fencing or for fuel and
subsurface water for the growth of
culture, Forestry, Landscape, and
when homesteaders cultivated the
new trees, shrubs, and grasses.
Parks.
fragile soils.' This and other abuses
The nutrient-rich soils that accuJohnson was referring to the land
produced major degradation.
mulated also helped promote new
restoration by the Mortenson family
vegetation which was coming from
at their 19,000-acre ranch along the
hen Clarence Mortenson first seeds carried in by both natural and
Cheyenne River northwest of Pierre,
started ranching the land in
artificial means from native parent
S.D.
1942, soil erosion was mostly out of
stock specifically adapted to the
Clarence Mortenson and sons Curt, control, soil moisture was depleted,
ranch soils and climate.
Todd, and Jeff own and operate the
and whole stands of trees were gone.
This revealed yet another valuable
award-winning ranch that has been in
Remaining cottonwood and willow principle: Native plants are the best
the family for the past 53 years.
woodlands that protected the cattle
seed source for revegetating the land.
"What sets the Mortenson operation in winter and the calves in spring
In areas where there were no surviving
apart is the amount of vision and perwere being lost to the rising waters of parent plants to furnish the seed,
sistence they put into it," Johnson said. the Oahe Reservoir.
Mortenson harvested and hand-carried
"That vision included not only just
In visiting with some of the oldseed to areas where it was needed.
having a profitable ranching operatime cattlemen of the area, MortenMortenson also established a flexition but also improving the 'naturalson learned that the land had been
ble pasture rotation plan of intensive
ness' of the ranch ecosystem itself."
much different in earlier times, and
grazing for short periods of time. This

Mortenson ranch
is stewardship
showplace

''The
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enables native grasses to produce
seed arid maintain vigor.
It also allows certain areas to
rest-particularly the areas where
trees might otherwise grow along
waterways were it not for cattle
. tramping seedlings, rubbing and
breaking down larger trees, and compacting the soil to slow the infiltration
of rainfall into the root zones.
Mortenson is careful not to graze any
of the woodland areas in summer.
he Mortenson ranch has
become a showplace, drawing
visitors from across the nation and
:::>
around the world.
0
Mortenson says livestock carrying
~
capacity of the ranch has doubled,
~
and he estimates the cost of his stew- i
ardship has returned $2 for every dol- ~
lar invested.
~
ui
The ranch has become both a
0
research site for SDSU scientists and a .r::.a.
teaching site for SDSU students in academic areas including plant science,
Formerly scarce kinds of wildlife
horticulture, biology, forestry, park
have returned. SDSU scientists have
management, and range management.
identified numerous species of songbirds. Turkeys, grouse, ducks, and
geese have reappeared in significant
numbers. According to Mortenson,
pheasant numbers are higher than at
any time since 1945. Bobcats, raccoons, foxes, coyotes, antelope, and
deer also have moved onto ranch
property.
Another highly welcome return are
beavers-now that trees are present in
sufficient number to meet their requirements for food, shelter, and dams.
Still other welcome returns indude
wild plum, chokecherry, wild grape,
gooseberry, juneberry, and currantResearch projects presently include
all of which are increasing with the
a woody-plant restoration project, a
help of seed-spreading animals.
riparian water-table restoration project,
and a project on entomology, range
ow was M0rtenson able to sucmanagement, and wetland biology.
ceed to this extent?
As hundreds of kinds of native
He would say trial and error. But,
according to SDSU range scientist Bob
plants become re-established, the
Mortensons are finding that some offer Gartner, Mortenson truly understands
unique commercial applications. There the physics of water.
Gartner said one example of this
is a ready market for the harvested
seeds of some native plants. Others
skill is a series of terraces that Mortenson uses to bring water in from two
have potential as a source of starch for
directions on the slopes of the south
human consumption. One plant may
side of the Cheyenne River. The tereven have unique properties as an
races route the water around the coningredient for a new type of perfume.

T
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The restoration
process on the
Mortenson ranch is
ongoing. The top
photograph was taken
in 1983. The bottom
photograph is the same
view taken in 1992.
Note the size of the
trees in the center of
the bottom photo. Tree
species making a
comeback on the ranch
include green ash,
eastern red cedar,
hackberry, and willow.
Wild plum, currant,
juneberry, gooseberry,
chokecherry, and other
fruit-producing shrubs
have also begun
spreading.
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tour and into a couple of large dams
that are built across gravel deposits.
These dams serve as direct openings
into the aquifer. This "banked" water,
in tum, suppljes a large spring about a
mile away. The spring, big enough to
flow year around, is then pumped and
piped to a good many locations on the
west side of the ranch for livestock as
well as for all the household uses. This
water, untreated and not chlorinated,
is tested periodically, and it's fine for
human consumption.
Mortenson, who has turned much
of the management duties over to his
sons and is now living in Arizona, was
typically modest when asked how
these tremendous successes were
achieved:
"Well, it all came about simply
because I was trying to grow more
grass, and after 20 to·25 years of developing our own ideas for restoring the
water end of it, everything else seemed
to come back because of that." 0

Biostress connection:
Improved livestock
capacity and
environmental conditions

Fruit growers have new options .
under farm winery law
by Larry Tennyson

he farm winery law passed by
the 1996 South Dakota State
Legislature could provide the neces- .
sary push for adding various other
kinds of value to the state's fruit crop.
The law made South Dakota the
44th state in the nation that permits
farmers to make and sell wine commercially, and it enables South Dakota farmers to make and sell up to
50,000 gallons of wine annually from
fruit, fruit products, and honey. The
law is aimed primarily to add value to
the production of wine grapes.
However, wine is not the only kind
of added value product for grapes, and
grapes are not the only kind of fruit
that can be used to produce wine.

T

Anne Fennell, SDSU horticulturist
who specializes in research involving
grapes and other fruit crops, said
South Dakota farmers might also be
encouraged by the law to investigate
production of grape jellies, jams, and
gourmet juices-and also table grapes.
The new law also might encourage
farmers to consider other fruits and
plant materials apart from grapes for
the production of wines. Raspberries,
rhubarb, chokecherries, and other tame
and wild fruits found in South Dakota
also may be used in wine production.
"The fact is, there is a great overall
potential for adding value to South
Dakota's diverse fruit crops each
year," Fennell believes.

Wine is only one option for adding value to South Dakota's fruit crops, says SDSU
horticulturist Anne Fennell. The farm winery law passed by the 1996 South Dakota
Legislature may also encourage South Dakota farmers to rnvestigate production of
jams, jellies, and gourmet juices.

,,you

have to remember that
wine making and growing
grapes or other fruit are two separate
arts and sciences," Fennell cautioned.
"So farmers need to consider this
22

before making any major decisions
about investing in a fruit enterprise."
In fact, many grape growers in the
upper Midwest and in other wine-producing areas such as California con-

centrate on fruit production and then
sell their harvest directly to an established winery.
''This is not to say that a farmer can't
be both a vintner and a grower if he or
she is willing to give it that much time
and effort," Fennell explained.
Fennell's advice to prospective growers is to start small, learn everything
possible about the variety of grapes
they intend to grow, and talk to others
who have some experience in growing
grapes.
Fennell estimates there already are
eight to 10 farmers who either are
already growing grapes or who have
decided to do so. "There also are a
considerable number of growers and
also four commercial wineries in Minnesota."
She lists SDSU Extension Horticulturist Dr. David Graper and herself as
resource personnel ready to assist

those interested in starting a fruit or
wine production business.
Grape production will tend to concentrate in areas of the state with optimum growing conditions, Fennell
said. The northern· part of the state is
disadvantaged because of its shorter
growing season, and the length of the
growing season is a critically important factor. Low winter temperatures
are another critically important factor
that affects the choice of varieties to
grow.
These represent a few of the
biostress challenges that will be
explored in future research efforts at
the Northern Plains Biostress Lab
located on the SDSU campus.
ach variety of grapes has its
own special growing and wine
E
making characteristics. These include
differences in the times for fruiti~g,
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for harvest, and for the methods used
to ferment, store, and age the final
product. "Furthermore, these differences may vary from one locale to
another. Another location and varying
weather conditions can vary the sugar
content or acidity in the same variety
of grapes," Fennell explained, "and
that's the main reason why the grower
really has to learn all he can about the
varieties he chooses to.grow."
"This type of enterprise also tends
to be very labor-intensive." That's
one reason why Fennell recommends
starting small. Even a quarter of an
acre might provide enough space for
125 vines. Each might produce 10
pounds of fruit. This much fruit can
produce about 65 gallons of wine.
Starting small also limits the
required amount of capital investment, although once the grapes are
started, they will produce for many

SDSU horticulturists
recommend varieties
David Graper and Anne Fennell make the following recommendations for American grape
varieties to be grown in South
Dakota:

White wine grapes: Kay
Gray, La.Crosse, and St. Pepin.
Red wine grapes: Frontenac, St. Croix.
Other varieties (may be used
for wine, but best suited for table
grapes, jam, jelly, or juice): Beta,
Bluebell, Swenson Red, Valiant.
For details, write Graper or
Fennell at the Department of
Horticulture, Forestry, Landscaping, and Parks, Northern Plains
Biostress Lab, SDSU, Brookings,
SD 57007.

years unless affected by a factor such
as winter injury, disease, insects, or a
herbicide like 2,4-D.
"In fact, that's one of the advantages of a crop like this. It doesn't
have to be replanted year after year,"
she said.
Site selection is extremely important, Fennell said. Pick the warmest
site that can be found in order to get
the longest possible growing season.
Soils ideally should have a pH of
6.5 to 7. Heavy clays and really
sandy soils should be avoided. Soils
with 2-3 percent organic matter are
preferable.
The site should have good water
drainage and also good air drainage.
While breezes are important to control powdery mildew on the grapes,
too much wind causes injuries that
serve as entry points for fungal diseases. Therefore, a windbreak often is
a good idea-especially in exposed

locations. Proper pruning and thinning is another way to improve air
circulation.
In most areas of the state, a trickle
irrigation system is a must, Fennell
said.
Choose recommended varieties for
the type of product decided uponwhether for jams, juice, table grapes,
or wine, she said. "And keep in mind
24

that many non-recommended varieties simply won't flourish in this climate no matter how motivated the
farmer is to grow them." 0

Biostress connection:
Added value to
South Dakota crops

SOUTH DAKOTA STATE UNIVERSITY
College of Agriculture and Biological Sciences
Agricultural Experiment Station
Brookings, SD 57007
Fred Cholick, Director

Non-Profit org.
U.S. Postage

PAID
Brookings, S.D.
Pennit 24

Penalty for Private Use $300
Publication

Address Correction Requested

MARSHALL
00
LO
& R \ E er E Ct:
ANH' .
21 ?0
ASC

_ PT

08 / 2 9 / 96

Calendar of Events
Date

Event

Person to Contact

September 1996

1-5
5
10

National County Agents Meeting, Nashville, Tennesee

Steven Munk, Minnehaha County Agent

Northeast Farm Fall Tour, Watertown

Jim Smolik, Plant Science, SDSU

Field Day, ESD Soil & Water Research Farm, Brookings

Mike Ellsbury, Northern Grain Insects Laboratory

11

Southeast Farm Fall Tour, Beresford

Bob Berg, Farm Manager

11

Antelope Range Field Day, Buffalo

Jeff Held, Animal Science, SDSU

12

Cottonwood Field Day

Pat Johnson or Dick Pruitt, Animal Science, SDSU

20

Food Safety Video Conference

Joan Hegerfeld, Consumer and Family Sciences, SDSU

27

SD Dietetic A~~ociation , Rapid City

Carol Pitts, Consumer.and Family Sciences, SDSU

National 4-H Dairy Conference, Madison, Wisconsin

Kathy Reeves, 4-H, Rapid City

27-0ct 3

October 1996

15-23

NAEHE Convention, Rapid City

Linda Smith, Extension Agent, Gettysburg

21-24

Extension Annual Conference, Rapid City

Larry Tidemann , Extension Program Leader, SDSU

